ESR experiments on the oxidation of hydrogen sulfide were performed in the temperature range 20-150°C. Alumina, active carbon and molecular sieve zeolite 13X were investigated as catalysts. For zeolite 13X it was demonstrated that the reaction is autocatalytic and that sulfur radicals are the active sites for oxygen chemisorption. The intensity of the sulfur radical ESR signal, which is related to the degree of conversion of these radicals, by oxygen, fits in with an oxidation-reduction mechanism.
INTRODUCTION
In Part I (I), we presented the results of some preliminary ESR investigations relating to H&3 oxidation. The presence of sulfur radicals under reaction conditions on an alumina catalyst was demonstrated. We obtained strong evidence that these radicals were involved in the chemisorption of oxygen, an essential step in the oxidation. In Part II (2), we reported on the kinetics and the mechanism of the HzS oxidation. The kinetic data fit with an oxidation-reduction mechanism.
Other investigators (3, 4) have also used the ESR technique to study the mechanism of H&S oxidation. They mainly studied ac-tivated carbon catalysts and they were interested especially in the role of the carbon radicals. The importance of free radicals of carbon i&lemonstrated by Siedlewski and Trawinski (3) ; they reported a linear increase of the oxidation rate of H&3 with an increase of the number of free radicals. Krause (5) developed a mechanism on the basis of work done by Siedlewski and Swinarski (6, 7) . Also Sreeramamurthy (4) concluded from his ESR experiments that the carbon radicals are the active sites for H&3 oxidation.
The presence of sulfur radicals at the surface of different porous materials has been reported by several authors (8-12). Dudzik and Preston (13) studied the effect of oxygen on these sulfur radicals adsorbed in different forms of molecular sieves. For the SULFIDE 
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Linde zeolites 5A and 13X they observed a disappearance of the sulfur signal upon admission of oxygen. Habgood and Imai (9) found that an oxygen radical at the surface of molecular sieve NaY has the capability to oxidize H&S. In a recent paper (8) Dudzik et al. report'ed on the oxidation of H2S over Linde zeolite 13X. During the react'ion of H2S with molecular oxygen, sulfur radicals are formed, even at temperatures as low as ---X0%. The radicals are supposed to react further with oxygen, forming an oxygen anion radical :
es-(S),-s* + 02 --+ *s-(S),-s+ + oz.
-.
This oxygen radical should react with H2S yielding water and sulfur radicals. The aim of our paper is to report ESR experiments on various porous materials. The molecular sieve 13X is studied in detail. We examined the influence of reaction time, temperature, oxygen and H2S concentrations upon the ESR spectrum. Separately we studied t'he reaction of oxygen with sulfur radicals and the reduction by H,S of the resulting sulfur-oxygen surface complex. The oxidation-reduction mechanism, developed on the basis of kinetic data, has been tested and extended with the aid of the ESR experiments.
EXPERIMENTAL METHODS

CATALYTIC REACTOR
A catalytic fixed-bed reactor (diam, 4 mm) was placed in the cavity of the ESR spectrometer. In all experiments a combination of the gases Nz, H& 02, or SO2 was led through 0.1-0.2 g catalyst with a flow rate of 500 cm3 min-'. The conversions of HZS and 02 were always lower than 20%. This was checked in a separate fixed-bed experiment where the gas streams entering and leaving the reactor were analyzed.
The mat'erials studied were r-Al203 (Ketjen-AKZO), Carbon molecular sieve (CMS) and Linde zeolite 13X (NaX). Information on the surface area and the pore structure is given in Part II (2).
The diameter of the particles was between 0.3 and 0.6 mm for all materials. Catalyst samples were heated at 150°C in a nitrogen flow (500 cm3 min-l) during at least 1 hr to remove most of the adsorbed wat'er.
The reactor tube was placed in an insert dewar to prevent extensive heating of the cavity. The reactor was heated by a stream of hot nitrogen gas (300 liters hr-1). The temperature was controlled with a Varian variable temperature accessory (V 4540). ESR spectra were measured at reactor temperatures of 22 and 150°C. The accuracy of the reactor measurement was not very high, i.e., temperature differences of 10°C may exist between the setting temperature and the temperature in the catalyst bed.
ESR SPECTROMETER
Absorption spectra were recorded as first derivatives with a Varian E-12 spectrometer, equipped with a Varian E-231 cavity, at a frequency of 9148-9152 MHz (X-band). All experiments were performed at a field modulation amplitude of 1 G, a modulation frequency of 100 kHz and a microwave power of 20 mW. In the first instance the magnetic field was calibrated with the aid of a DPPH standard sample. Later on an AEG I%c':\IR magnetic field meter, equipped with a HP electronic counter, became available for this purpose. Microwave frequencies were measured with a HP frequency counter. g values, calculated from g = hu/PH, have an uncertainty of f0.002.
The concentration of the free radicals was determined by comparison with a standard sample of 0.1% pitch in KC1 (g = 2.0028, AH = 1.7 G). The spin concentration of this sample was 3 X 1Ol5 cm-' of length. The intensity was defined as: I = signal height X (signal width)2.
Signal height and width are taken as peak-to-peak distances (mm). According In nitrogen the material showed a broad signal at g = 2.002 (A) and a minor signal at g = 4.244 (B). The spectrum did not change when 2 ~01% 02 was admixed with the N,. After purging with N, a stream of 1% HzS in Nz was introduced. In consequence of this a new signal appeared at g = 2.026 (C). According to the literature (15, IS) this signal must be attributed to a sulfur species. After this HzS treatment, admission of a NrO% mixture led to the disappearance of the sulfur signal. When a mixture of 97% Nz, 2% 02, and 1% H$ was flowed through the reactor containing pure ALO a sulfur signal was detected. The intensity, however, was smaller than in the case of HZS alone. The signals already present in the pure r-Al203 did not change in the presence of O2 and/or HnS.
1.2. Carbon molecular sieve (CMS). Because of high dielectric losses of the carbon bed it was impossible to carry out ESR measurements on undiluted carbon samples. To diminish the conductivity we used a physical mixture of 92.0 wt% SiOz, 5.9 wt% CMS, and 2.1 wt% S.
In a separate experiment we found that the SiOz used as a diluent had no activity for H&Y oxidation and did not give rise to an ESR signal upon admission of HZ'S and/or 02.
In a nitrogen atmosphere the carbonsilica-sulfur bed gave one strong signal at g = 2.002 (D).
In the presence of oxygen the signal width increased and the signal height decreased; the intensity of the signal decreased to 70% of the initial value when nitrogen was replaced by air. The oxygen effect was completely reversible. On the basis of literature data (I?') we assign the signal at g = 2.002 (D) to carbon radicals. H2S had no influence on this signal, neither in the presence nor in the absence of oxygen, although CMS is an active catalyst for H,S oxidation. A sulfur signal could not be detected because of the strong and very broad signal due to carbon radicals.
1.3. Molecular sieve 13X. In a nit'rogen atmosphere the pure material gave absorption peaks at g = 2.002 (A) and g = 4.244 (B). These signals, only stronger, were also observed for alumina.
ESR spectra at various conditions are given in Fig. 1 ; the very broad but weak signals (A) and (B) are not visible in Fig. 1 .
In an atmosphere of 1% H2S in nitrogen the signal due to sulfur radicals arose at the slightly shifted g value of g = 2.028 (C). When 0.25% H2S and 0.18'% O2 were admixed with the nitrogen the same signal but with a larger intensity was observed. The intensity of the signal increased as a function of reaction time and reached a constant value when the zeolite was nearly saturated with sulfur. This saturation was also demonstrated by the deposition of sulfur in the cooler parts of the reactor outlet. Thereupon a nitrogen-oxygen mixture was admitted to the sulfur containing zeolite. The intensity of the sulfur signal [g = 2.028 (C)] became smaller by a factor of 20 and minor signals appeared at g = 2.005 (E) and g = 2.013 (F) (see Fig. 1 ). When in this experiment oxygen was replaced by H2S the sulfur signal at g = 2.028 (C) reappeared. Then the signals at g = 2.005 (E) and g = 2.013 (F) became hardly detectable. 
Experiments on the Injkence of Reaction
Conditions on the Reaction on Molecular Sieve 13X
2.1 InJluence of temperature. At room temperature the sulfur signal is observed when only H2S is led over the zeolite. The increase of the intensity of the sulfur signal as a function of reaction time was much slower at room temperature than at 150°C.
If H2S and OZ were both present, a triplet signal at gl = 2.043, g2 = 2.033 and g3 = 2.023 was observed. When heated to 150°C under Nz this triplet signal formed one signal with g = 2.028 (C). The intensity of the signal is plotted as a function of reaction time at 22 and 150°C in Fig. 2 . The time needed to obtain a constant signal intensity was much longer at 22'C. At room temperature part of the water formed was retained by the zeolite. Sometimes this water made it impossible to record ESR spectra, due to the high dielectric losses.
At 150°C this difficulty is negligible, because the adsorption of water is much smaller. 2.2 Injuence of concentrations. In Fig. 2 the sulfur signal intensity is plotted as a function of time after the introduction of the feed gases with various compositions. An increase of the HtS concentration by a factor of five did not change the rate of increase of the sulfur signal nor the intensity of the signal in the stationary state. However, an increase of the 02 concentration by a factor of 11 gave a different picture. In the latter case the initial intensity increased much faster, but the maximum intensity is a factor of three lower.
Alternate admission of H2S/N2and Oz/Nz mixtures gave rise, respectively, to an increase and decrease of the signal assigned to sulfur. From the strong decrease of the signal in an oxygen-nitrogen atmosphere it is concluded that at least 90% of the sulfur radicals can combine with oxygen.
In another series of experiments the concentration of the reactants were varied for a molecular sieve with only the micropores saturated with sulfur. From separ,ate fixedbed experiments it was known that this material had reached a stationary activity level, i.e., the sulfur formed desorbs completely. The number of sulfur radicals was determined as a function of H&S and O2 concentrations. The results of these experiments will be used to verify the proposed oxidation-reduction mechanism (2). 2.3. Experiments with SOZ. A series of experiments was performed to study the role of SOz in the mechanism of H2S oxidation. SO2 is a by-product at high temperatures and high oxygen concentrations.
Admission of a mixture of 0.76 volyO SO2 in nitrogen to a eeolite 13X at room temperature led to a broad ESR signal at g = 2.0099 (AH = 15 G). Then the temperature was raised to 150°C. The signal narrowed (Aa = 3 G) and shifted to g = 2.0058. This signal is connected with the presence of S02: in pure Na it disappears. Replacement of SOz by H&S at 150°C led to the appearance of the well-known sulfur signal.
This effect is reversible : when SO2 substitutes the HzS the broad signal mentioned above reappeared. The main signal present during the oxidation of H&I at 150°C is a sulfur signal in view of the g values (g = 2.028 f 0.002) ; compare Tables 1 and 2 . Another argument is that the intensity of this signal reaches a constant value in case of saturation of the zeolite, when sulfur condensation starts in the cooler parts of the reactor outlet. Moreover, the adsorbed substance shows the well-known behavior of sulfur radicals, namely the transition of a triplet signal at room temperature (gl = 2.043, g2 = 2.033, g3 = 2.023) to one signal at higher temperatures (g = 2.021-2.031). The triplet signal is caused by anisotropy, as explained by Kurita and Gordy (18) . The value 2.023 which we found for g3 is high compared to literature data, which are mostly about 2.002 ; see Table 2 . Another difference with the literature data (Table 2) is our observation of a triplet signal at room temperature. Usually this triplet arises at lower tempera-SULFIDE OXIDATION.
III 101 tures (-196%). These differences may be connected with the adsorbed state of the sulfur. It is remarkable that the three signals of triplet do not appear at the same time when 02 and H&S are led over a zeolite; the sequence is first 92, and then g1 and g3. Also remarkable is that admission of an Oz/Nz mixture at room temperature made g1 and g3 disappear first. The reason for this phenomenon is not fully understood.
Most authors (Table 2) believe that the radicals are chains of sulfur atoms with unpaired electrons at the ends. These chains cause the high viscosity of polymer sulfur above 160°C. From Table 2 it can be seen that the g value of the free electron located on sulfur is not affected by the presence of neighboring atoms or atom groups like H or CH,. On the basis of our experiments n-e cannot exclude the possibility that some atom, e.g., hydrogen, is bonded to sulfur atoms containing an unpaired electron.
Further we cannot discriminate between short or long chains of sulfur atoms. For our experiments at 22°C we calculate 3 X lo4 sulfur atoms/spin. If all the sulfur was in the radical form, the average chain length would be lOplO" atoms. One chain molecule would occupy a volume of lo6 A3. This value is of course very large for sulfur adsorbed in micropores. Therefore, we believe that the most of the sulfur produced will not be in the radical form, but rather in the form of Ss rings. Seff (19) found that, when type A zeolites are impregnated with sulfur, two Ss rings are accommodated in each zeolite supercage.
For pure elemental sulfur at 150°C Koningsberger (16) found 3.5 X 10' atoms/ spin. For sulfur adsorbed at 25'C in zeolite 13X we calculated an atom/spin ratio of 3 x 104. Our conclusion is that the equilibrium, Ss rings fs radical chains, shifts to the right side for adsorbed sulfur. Interesting is the formation of a sulfur radical, in the presence of HzS and in the absence of oxygen, on pure alumina and zeolite. Moreover, the color of the catalyst turns yellow, which is an indication of the formation of sulfur.
Ql
Also in this case the atom-spin ratio of the deposited sulfur was lower, i.e., about lo3 times lower than in sulfur not adsorbed, The rate of increase of the S-signal indicates that the oxidation rate of H&S in the absence of O2 is much lower than in the presence of OZ. The signal at 20°C in the absence of 0, was hardly detectable.
The question arises as to what causes the oxidizing properties of the porous material. A first possibility is that impurities such as iron ions are responsible. The ESR signals which we found in the pure materials at g = 2.0016 and g = 4.244 are very similar to the data reported by Derouane et al. (20) for iron impurities in the Linde SK40 zeolite. We observed that both signals did not change upon admission of H& so it is unlikely that these iron ions react. Another possibility might be the reaction of HzS with a chemisorbed oxygen species like 0 a-or O2 m-. The oxidation of H,S by these oxygen species has already been reported for r-A1203 (11) and zeolite NaY (9) . However, from the ESR experiments we did not obtain evidence for the presence of these oxygen radical species. In contrast with our observations Dudzik et al. (8) report no oxidation activity of the pure material, i.e., zeolite 13X. One reason may be their activation temperature of 35O"C, compared to 150°C for our experiments. This could result in a lower concentration of oxygen species which may be responsible for the oxidation activity. A second reason may be the low intensity of the sulfur signal at their measuring temperature, i.e., room temperature.
Oxidation-Reduction Mechanism for the Oxidation of H.pS' on Zeolite 13X
The dependence of the radical concentration on reaction time is an S-shaped curve (Fig. 2) . This reflects the autocatalytic character of the reaction as reported in Part I (1) .
One of the most interesting features is that the oxidation of H2S is in fact a twostep process, involving an oxidation and a reduction step. The oxidation step is the reaction of molecular oxygen with sulfur radicals which causes the observed decrease in the S-signal.
Because we do not know very much about the nature of the reaction product, we use the notation [S,OJ. At room temperature 90-95% of the radicals disappear upon admission of a mixture of OrNz. In the literature (8) the following reaction is mentioned :
as-(S),-2-s. + 02 4 es-(S).-2-s+ + oz.
- (2) As discussed in Sect. 4 below, it is indeed quite possible that there is an electron transfer from the sulfur radical to the oxygen molecule. Another possibility is that both free eIectrons at the ends of one sulfur chain are involved in the chemisorption of one oxygen molecule : 0 .s--Isl,.,-s~ + 0,--c@ S-6),.*-S' 0 '0 (3) This reaction could explain the disappearance of the sulfur signal without formation of a new oxygen radical species. We discuss below the possible role of the weak signals E (g = 2.005) and F (g = 2.013) as intermediates.
The second step in the mechanism is the reduction of [S,O,] with H&J, yielding sulfur and water. From the observed half order in H2S found in the kinetic experiments (S), it may be concluded that H&S reacts first with sulfur, forming SH groups.
The results of the kinetic experiments on zeolite 13X agree very well with the ESR experiments : a. When comparing Fig. 2b and c, it is clear that the HzS concentration hardly influences the radical concentration as a function of reaction time and especially the signal concentration in the stationary state. In separate kinetic experiments we found an apparent zero order in HzS for the same set of conditions used in the ESR experiments.
b. An increase of the oxygen concentration results in a marked increase of the formation rate of sulfur radicals (compare Fig. 2b and d) . In kinetic experiments we found an apparent first order with respect to oxygen. The lower intensity of the sulfur signal in the stationary state, at high oxygen concentrations, shows that the degree of occupation of sulfur radicals with oxygen is high.
The proposed oxidation-reduction model (2) can be verified quantitatively with a series of experiments at constant temperature. The intensity of the sulfur signal was measured as a function of the partial pres-sures of oxygen (PO,) and hydrogen sulfide (PI&.
All experiments were performed at a constant activity level of the zeolite.
From Eq. (9) in Part II (a) we obtained:
Although the intensity of the signal represents all radicals, including those in the bulk, we assume that the intensity I is a measure of the number of radicals at the surface. This assumption is discussed below. The relation between the degree of occupation and the intensity of the sulfur signal is :
A is a constant. Combination of Eqs. (4) and (5) gives:
A plot of 1-l vs Po2. PH,s-".5 gives a straight line (Fig. 3) . This is another proof for the applicability of an oxidation-reduction mechanism. A value for the ratio k,x/kred was determined from Fig. 3 and amounted to 3.8 X 10e3 N-t m at 130°C. This is in good agreement with values between 3.1 X 10V3 and 6.2 X 1O-3 N-4 m which we found under the same conditions in our previous kinetic experiments (2).
We mentioned already the disappearance of 90-95% of the sulfur radicals when only 02-Nz is present at room temperature. At 130°C all sulfur radicals react with oxygen within some minutes, even when the zeolite has a micropore volume completely filled with sulfur. Our conclusion is that it is possible that free electrons can diffuse rapidly by cleavage and combination of S-S bonds in an interconnecting net of sulfur chains and rings. This mobility means that the equilibrium between the concentrations of surface radicals and bulk radicals will be t'ion conditions. The assumption made before that the concentration of bulk sulfur radicals is proportional to the concentration of surface sulfur radicals is therefore acceptable.
Dudzik and Preston (1~3) observed that, when oxygen is admitted at room temperature to zeolite 3A impregnated at 400°C with sulfur, the signal assigned to sulfur radicals did not change. This will be caused by the fact that there is no net of interconnecting sulfur in this small pore (3 A diam) zeolite, so that the free electrons cannot move to the surface.
Sulfur-Oxygen
Signals in the ESR Spectra Special attention was paid to some minor ESR signals which could possibly reveal something about the nature of the so-called "oxidized sulfur": [S,OJ.
Admittance of an oxygen-nitrogen mixture to sulfur radicals results in a decrease of the sulfur signal intensity and an increase of the intensity of some weak signals at a = 2.013 (F1 and u = 2.005 (E). In established rapidly after a change of reacy \I " . I 005 (E) reaches a constant value at the same time as that of the sulfur signal. An important observation is that heating in nitrogen above 175°C leads to the disappearance of signal E and an appearance of the sulfur signal. From separate fixed-bed and infrared measurements we know that the format,ion of SO2 from oxygen and adsorbed sulfur starts at 175'C. The signal at g = 2.005 (E) is also formed when only SO2 is adsorbed on a pure zeolite. The g value of the signal shifts from 2.0099 to 2.0058 when the temperature is increased from 22 to 150°C.
The signal which arises at g = 2.0057 when SOz is adsorbed on TiOz or ZnO is assigned to S02.-(21). The same radical (g = 2.0055) is observed during the thermal decomposition of NazSz04 (.%'). Irradiation of thiosulfate gives rise to an ESR signal at g = 2.0054, which is assigned to S, . On the basis of these literature data we conclude that the signal of g = 2.005 (E) represents S,Oz+-, i.e., a sulfur chain terminated with an SO2 group. At higher temperatures cleavage of the S-S bond may occur and SO2 is formed. *S-S,-rS02* -+ -S-S,-1-S. + so2. (7) Admission of SOi to sulfur radicals at room temperature led to the disappearance of the sulfur signal and the appearance of a signal with g = ca. 2.005 (E). This is a clear indication that the reverse reaction occurs at low temperatures.
SOz shows a behavior towards sulfur radicals which is very similar to oxygen, i.e., admission of SO2 results in a strong decrease of the sulfur signal intensity and an increase of signal E and admission of H2S (SO2 absent) results in a strong increase of the sulfur signal and a decrease of signal E. When both H& and SO2 are present the Claus reaction occurs and no sulfur signals are visible in the spectrum, which indicates that the reduction by H& in this case is the rate-de&mining step. In a separate experiment we found that the water formed by the reaction of HZS and SOz is not responsible for the absence of a sulfur radical signal.
Morton (2~) reports the discovery of an S,O --radical with a g value of 2.0143. During the polymerization of SzO an ESR signal is observed at g = 2.010, probably belonging to SzO*-(24). These literature data are close to the g value of 2.013, observed for signal F (Fig. 4) . The fact that the intensity of signal F as a function of time (Fig. 4) has a maximum, suggests that F is an intermediate between S,. and Sz02.-. Therefore, we assign the signal of g = 2.013 (F) to S,O.-.
When oxygen and hydrogen sulfide react the signals E and F are only detectable when the 02/H2S ratio is above 2.
Admission of an Oz/Nz mixture at 22°C to sulfur radicals which have been heated at 100°C in Nz results in a new signal g = 2.0083 (G). This signal is only visible for a short time and is a precursor for the signals E and F. In Fig. 5 the intensities of the various signals are plotted as a function of time. The signal at y = 2.0053 (G) was observed already by Dudzik and Preston (1.9) after adsorption of 02 to sulfur radicals at room temperature.
They assign the signal to an OZ.-species, and they do not consider the possibility that it might be a sulfur-oxygen radical species. Chen (25) calculated g values for a SOZ.-species with a so-called sp hybrid model and a so-called r-electron model. The r-electron model gave g = 2.0053, which is in accordance wit,h our assignment of signal E to S,O2.-. For the sp hybrid model he calculated g = 2.0078, which is close to g = 2.0083 ((3.
An explanation for the behavior of the various signaIs on the admission of oxygen to the sulfur radicals might be the following. Oxygen reacts with the sulfur radicals, signal C, and this leads to a decrease of the intensity of the sulfur signal C. In the mlfur-oxygen complex formed, two oxygen atoms terminate a chain of S atoms. The complex is a kind of peroxide radical &-O-O.
(signal G), which reacts wit'h chemisorbed hydrogen sulfide or with other sulfur radicals to give the S,O.-(signal F) species. This species can be reduced with chemisorbed H2S to sulfur.
A rearrangement of the peroxide radical could yield SZOZ a-; this species dissociates at high temperatures into sulfur and sulfur dioxide.
A scheme of this mechanism would be: plexes, which are not radicals, but which still play a role in the mechanism.
5. The Role of Carbon Radicals in H2S Oxidation on Active Carbon Although we were not able to detect sulfur radicals in active carbons, there is great evidence that also here sulfur radicals have to be present. The initial increase of the oxidation rate caused by an autocatalyt'ic effect of sulfur and the oxidation-reduction mechanism found for carbons as well as for zeolites point to the presence of sulfur radicals in carbons, In the literature (3, 4) most authors conclude that the carbon radicals play an important role in the mechanism. For the active carbons studied, the role of these carbon radicals does not seem to be important in this respect, because Norit RBW 1 carbon does not contain carbon radicals, but is a good catalyst for HzS oxidation.
According to Armstrong et al. (17) , the broadening of the carbon signal when gasphase oxygen is present is caused by a physical interaction. The fact that this socalled "oxygen effect" (26) vanishes completely in pure nitrogen is also an indication of the rather weak interaction between the carbon radicals and oxygen.
Because the interaction between oxygen and carbon radicals is so weak we do not expect that carbon radicals are the active sites for H%S oxidation in active carbons. CONCLUSIONS 1. In the sulfur adsorbed in zeolite 13X only a fraction is in the form of radical chains. The atom to spin ratio for this adsorbed sulfur is lower by a factor lo3 than for elemental sulfur at the same temperature.
2. The reaction of sulfur radicals with oxygen gives rise to at least three radical species. ESR signals due to sulfur chains terminated with one or two oxygen atoms may be distinguished.
The place of these species in the network of reaction steps is outlined.
3. The by-product SO2 is formed from an oxygen-sulfur complex which is observed in the ESR spectrum. At temperatures above 175% rupture of an S-S bond in the complex occurs, and SO2 is liberated.
4. The intensities of the sulfur signal as a function of the partial pressures of oxygen and HzS point to an oxidation-reduction mechanism. From ESR data obtained for zeolite 13X at 130°C we calculate a value koxlkred = 3.8 X 10e3 N-1 m, which is in good agreement with those from kinetic measurements, i.e., between 3.1 X 10d3 and 6.2 X 1O-3 N-i m.
5. Our investigations show that the contribution of carbon radicals in the mechanism of H2S oxidation on active carbon is not important.
